Comparison of radionuclide and enzymatic estimate of infarct size in patients with acute myocardial infarction  by Hirsowitz, Geoffrey S. et al.
JAM COLL CARDIOL 1405
1983.1(6).1405-12
Comparison of Radionuclide and Enzymatic Estimate of Infarct Size in
Patients With Acute Myocardial Infarction
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TENNYSON G. LEE, MD, FACC, A. DAVID GOLDBERG, MD, FACC,
SIDNEY GOLDSTEIN, MD, FACC
Detroit, Michigan
A comparison was made of the estimated size of the
myocardial infarction occurring in 26 patients with a
first infarction using creatine kinase (CK) enzyme re-
lease between radionuclide gated blood pool measure-
ment of total and regional ventricular function and thal-
lium·201 scintigraphic measurement of myocardial
perfusion defects. Creatine kinase estimates of infarct
size (enzymatic infarct size) correlated closely with the
percent of abnormal contracting regions, left ventricular
ejection fraction and thallium-201 estimates of percent
of abnormal perfusion area (r = 0.78, 0.69 and 0.74,
respectively, p < 0.01). A close correlation also existed
between percent abnormal perfusion area and percent
of abnormal contracting regions (r = 0.81, p < 0.01)
A quantitative expression of infarct size has become in-
creasingly important as a variety of therapeutic interventions
have been proposed to limit the extent of the acute myo-
cardial infarction. The extent of myocardial damage is not
only a major determinant of acute left ventricular perfor-
mance, but is also an important prognostic factor for early
and late mortality (1-4). An ideal method for the measure-
ment of infarct size and for evaluation of the effects of acute
therapeutic interventions in human beings should be non-
invasive as well as accurate early in the course of myocardial
infarction. Shell et a1. (5) proposed a mathematical model
relating serum creatine kinase (CK) to infarct size. Although
the basic formula or modifications of it have been widely
used, its accuracy is still controversial (6-9). Recently,
radionuclide imaging with thallium-201 scintigraphy and
radioisotopic gated wall motion studies have been used for
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and left ventricular ejection fraction (r = 0.69, p <
0.01). Enzymatic infarct size was larger in anterior (116
± 37 CK-g-Eq) than inferior (52 ± 29 CK-g-Eq) myo-
cardial infarction (p < 0.01) and was associated with
significantlymore left ventricular functional impairment
as determined by left ventricular ejection fraction (33
± 7 versus 60 ± 10%) (p < 0.01) and percent abnormal
perfusion area (58 ± 14 versus 13 ± 12) (p < 0.01). No
significant correlation was observed between enzymatic
infarct size and right ventricular ejection fraction. These
different methods of estimating infarct size correlated
closely with each other in these patients with a first un-
complicated myocardial infarction.
the detection, localization and estimation of the size of the
infarct area (l0-12).
The present study was designed to compare these esti-
mates of infarct size with that of the enzymatic method in
patients experiencing their first clinical myocardial infarc-
tion. Because multiple infarcts and some hemodynamic
complications reduce the reliability of any of these tech-
niques, we studied only patients with uncomplicated first
documented myocardial infarction.
Methods
Study patients. The study group consisted of patients
admitted to the coronary care unit of Henry Ford Hospital
during 1981 between February and August. Twenty-six pa-
tients were included in the study. Inclusion criteria were:
1) No previous history or electrocardiographic evidence of
myocardial infarction. 2) Typical symptoms of severe chest
discomfort lasting at least 30 minutes. 3) Electrocardio-
graphic changes indicative of myocardial infarction, in-
cluding ST segment elevation or depression of 1 mm or
more with T wave abnormalities and the presence or de-
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velopment of a new Q wave with a duration of 0.04 second
or greater. The presence of significant Q waves was con-
sidered diagnostic of transmural myocardial infarction.
Nontransmural myocardial infarction was diagnosed when
ST-T wave abnormalities occurred without Q waves. An-
teroseptal, anterior and anterolateral changes were classified
as anterior infarcts and considered as one group, and inferior
myocardial infarcts were considered separately. 4) Increase
and decrease of serum CK levels diagnostic of myocardial
infarction. 5) Patients without severe hemodynamic com-
promise at the time of admission (Killip classes I and 2)
(13).
Blood was obtained for venous CK analysis every 4 hours
for the first 24 hours in the coronary care unit. Radioisotopic
imaging was performed 24 to 36 hours (mean 27) after
admission to the unit.
Enzymatic analysis. Creatine kinase enzyme assay is
based on the method of Rosalki (14) as modified by Cal-
biochem-Behring, utilizing the Gemsaec centrifugal ana-
lyzer. Completed irifarct size was calculated from all avail-
able serial total CK data using the mathematical model
described by Sobel et al. (3,7). Individual patient enzyme
clearance rate (Kd) was calculated from the scatter plot of
CK level versus time and was used in the basic formulation
of infarct size (6).
Radionuclide angiographic data accumulation. Radio-
nuclide gated equilibrium blood pool studies were accom-
plished by the following method. A vial of pyrophosphate
(Pyrolite, New England Nuclear), consisting of 10 mg
sodium pyrophosphate, 20 mg sodium trimetiphosphate and
I mg stannous chloride, was reconstituted with I ml of
bacteriostat free saline solution. The entire contents were
given intravenously immediately after preparation, followed
by 20 mCi of technetium-99m as pertechnetate 20 minutes
later. Spot checks of this method of in vivo labeling of red
blood cells demonstrated a 90 to 95% tagging efficiency in
our laboratory. Patient imaging was started 10 minutes after
the second injection to allow for complete mixing. With the
patient supine, views were obtained in the anterior and left
anterior oblique projections, the latter generally done at 45°,
but adjusted as necessary to allow for the best separation
of the right and left ventricular images. All studies were
performed with the same gamma camera (Picker-415)
equipped with a parallel hole, low energy, all purpose col-
limator. The collimator was fitted with a lead ring to limit
the field of view to the area of the heart. Normal imaging
time was 3 to 5 minutes per view using the MDS-A2 com-
puter program acquiring 150,000 counts per image at 16
frames per RR interval in a 64 x 64 byte mode matrix. In
addition to the automatic wall processing, a nine point
smoothing function was performed. The procedure resulted
in improved wall motion evaluation and ventricular edge
detection. All studies were recorded on video tape for viewing.
Left ventricular ejection fraction was obtained by the
automatic edge detection program commercially available
in the MDS system. A ventricular volume (time/activity)
curve was calculated from the defined edges of each of the
16 frames. The R wave triggered the first frame and was
considered as end-diastole and the systolic image was lo-
cated by the frame representing the least counts (lowest
point) on the curve. Background was determined from this
frame by an automatically selected region of interest in
noncardiac tissues displaced lateral to the left ventricle.
Using the computer program, regional left ventricular ejec-
tion fractions in eight sectors were generated. The program
functions on a radius system with the center of the radius
being manually sited by the operator at the midposition (Fig.
I). Values of regional ejection fraction less than 40% were
considered abnormal (15,16). Assessment of the percent of
abnormal contracting regions was scored from 16 points of
interest (8 sectors per view).
Right ventricular ejection fraction was calculated from
the left anterior oblique view with the same method. Using
the video recording, right ventricular regional wall motion
was qualitatively assessed by two independent observers.
Three regions of the right ventricular wall were considered:
lateral, inferior and septal. Care was taken to avoid the right
atrial component of the image. Regional wall motion was
considered normal or abnormal. Right ventricular size was
considered increased when it was equal to or greater than
the left ventricular diastolic chamber dimension.
Quantitative thallium-201 scintigraphy. A dose of 2
mCi of thallium-20l (thallous chloride) was administered
intravenously. Images were obtained in the anterior, 30° left
anterior oblique, 60° left anterior oblique and left lateral
positions starting 15 minutes after the injection. The gamma
Figure 1. Schematic representation of radionuclide angiogram de-
picted in left anterior oblique view. Regional wall motion is eval-
uated along each sector which forms the basis of the radial system.
AO = aorta; LV = left ventricle; PA = pulmonary artery; RV
= right ventricle.
RV LV
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camera and collimator system described under Methods for
blood pool studies were used. Static images were obtained
with an information density of 2,000 per view. Simultaneous
computer acquisition was performed with a MDS-A 2 com-
puter using a 128 x 128 byte mode matrix. Each image
contained 300,000 counts from which a 30% background
subtraction was performed to produce the final processed
image. Seven square analysis was then done on each image
using the method described by Morrison et al. (16). Indi-
vidual images were placed in the region of interest program
and the operator then positioned seven separate regions of
interest over the left ventricle. Each region of interest mea-
suring 7 x 7 pixels was placed on the myocardium begin-
ning at the base of the ventricle and proceeding in a clock-
wise direction. Films showing placement of each region of
interest were obtained in all views (Fig. 2). In addition, an
automatic computer printout provided information on max-
imal counts, minimal counts, total counts and average num-
ber of counts per pixel. The total counts in each region of
interest were compared. A reduction of counts greater than
20% in a given region of interest relative to the region of
interest with the highest counts was considered abnormal
(17). In each patient, the abnormally perfused area was
expressed as a percent of abnormal perfusion area of the
total 28 regions of interest (7 regions of interest x 4 views).
Statistical analysis. The two-tailed test for unpaired
samples was used to assess the significance of differences
between groups. The chi-square test was used to determine
the significance of differences between groups for discrete
variables. Linear correlations were assessed by the method
of the least square analysis.
Figure 2. Thallium-201 left ventricular scintigram in the 30° left
anterior obliqueprojection with application of computer-generated
seven square analysis to fit each view.
Results
Clinical data. The clinical profile of the 26 patients and
electrocardiographic locations of the infarct are listed in
Table I. Infarct location was anterior in 11 patients and
inferior in 15 patients. Of the 26 patients, 21 had acute
transmural infarction. Of the five nontransmural infarcts,
four were inferior and one was anterior. Infarct size as
determined by CK-g-Eq was greater in the anterior infarct
group than in the inferior infarct group. No significant dif-
ference in the enzymatic infarct size was found in the inferior
infarct group between those with a transmural (mean 57.8
± 26.3) or nontransmural infarct (mean 56.3 ± 31.9). The
anterior infarct group demonstrated a significantly lower left
ventricular ejection fraction, a higher percent of abnormal
contracting regions and a larger area of abnormal perfusion
when compared with the inferior infarct group.
Radionuclide blood pool wall motion studies com-
pared with enzymatic determinants of infarct size. In
each patient, global left ventricular function assessed by left
ventricular ejection fraction and regional wall motion ab-
normalities represented by percent of abnormal contracting
region were compared with enzymatic infarct size (Fig. 3
and 4). There was a close correlation between enzymatic
infarct size and percent of abnormal contracting regions and
left ventricular ejection fraction (probability [p] < 0.001).
When the infarct location was considered separately, the
enzymatic infarct size in patients with an anterior infarct
showed a good correlation with percent of abnormal con-
tracting regions (r = 0.79, P < 0.05) but not with left
ventricular ejection fraction (r = 0.38, P = not significant
[NS]). No correlation was noted in the inferior infarct group
between enzymatic infarct size and percent of abnormal
contracting region or left ventricular ejection fraction (r =
0.11 and 0.20, respectively).
Quantitative thallium scintigraphy compared with en-
zymatic estimates of infarct size. Adequate thallium stud-
ies were obtained in 24 of the 26 patients, 10 with anterior
and 14 with inferior infarction. A close correlation was noted
between the percent abnormal perfusion area and enzymatic
infarct size (p < 0.00 I) (Fig. 5). This was true in the total
group and when each infarct location was considered
separately.
Left ventricular blood pool wall motion studies versus
quantitative scintigraphy. The area of decreased perfu-
sion observed with thallium-201 scintigraphy was the same
as the area of abnormal contraction area when present. All
patients with an anterior infarct were found to have an ab-
normal contraction area, compared with only 9 of the 14
with an inferior infarct. A close relation was observed be-
tween percent abnormal perfusion area and percent of ab-
normal contracting region and left ventricular ejection frac-
tion (Fig. 6 and 7).
Right ventricular dysfunction and infarct size. No re-
lation was observed between right ventricular ejection frac-
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Table 1. Electrocardiographtc, Enzymatic and Radionuclide Data in 26 Patients
Enzymallc Thallium
Radionuchde
Age (yr) Infarct size Scmngraphy
Angiocardiography
Case & Sex (CK-g-Eq) (%AbA) %ACR LVEF RVEF LVEF/RVEF
Anterior Myocardial Infarct Group
I 53 M 119 35 56 28 29 098
2 72F 159 52 69 31 39 0.80
3 52 M 177 35 74 30 36 0.83
4 62 M 78 39 62 29 31 091
5 58 M 93 38 50 28 26 1.05
6 56 F 88 25 50 41 42 0.90
7 60 F 68 32 44 40 61 064
8 56 M 150 43 81 20 31 0.64
9 72F 115 35 44 45 64 0.70
10 61 M 151 N/A 75 35 30 058
II 55M 86 18 39 39 66 1.01
Mean 597 116.7 35.5 58.4 33.2 41.3 0.84
± SO 6.8 37.3 9.5 147 7.3 15.1 0.19
Inferior Myocardial Infarct Group
12 66 M 54 10 0 61 21 290
13 46 F 55 7 6 74 34 2.19
14 42 M 64 10 25 59 28 2.08
15 60 M 22 0 0 71 32 221
16 56 M 22 25 0 64 50 I 65
17 48 M 96 14 25 55 33 1.29
18 49 M 55 17 6 72 34 1.93
19 63 F 109 N/A 0 65 22 2.95
20 62 F 36 14 0 65 47 1.38
21 57 F 93 31 31 38 19 2.0
22 59 M 65 28 19 63 10 6.30
23 48 M 15 21 12 66 55 I 19
24 75 F 24 3 25 46 36 1.25
25 56 M 52 14 12 51 35 1.44
26 58 M 23 17 25 51 50 1.01
Mean 56.3 52.3 15.1 13.3 59.9 33.7 2.13
± SO 8.7 29.6 9.0 12.0 10.2 12.8 1.28
P value* < 0.01 < 0.01 < 0.01 < 001 NS <0.001
*Anterior versus intenor
Ck-g-Eq = total serum creatine kinase-gram equivalent infarct size; %AbA = % abnormal perfusion area; %ACR = left ventncular abnormal
contracting region; LVEF = left ventricular ejecnon fraction; NS = not significant; p = probability: RVEF = nght ventricular ejection fraction; SO
= standard deviation.
tion and enzymatic infarct size in the total group of 26
patients (r = 0.12, P = NS) (Fig. 8). A close relation,
however, was observed between these variables in the in-
ferior infarct group (r = 0.65, p < 0.05). Abnormal right
ventricular ejection fraction defined as an ejection fraction
less than 45% was seen in 73% of the patients with either
inferior infarction (11 of 15) or anterior infarction (8 of 11).
In these 19 patients with reduced right ventricular ejection
fraction, a right ventricular thallium scintigraphic defect was
seen in all but 1 in whom it was evaluated. Another way
of evaluating relative right ventricular dysfunction was to
establish a ratio between right and left ventricular ejection
fraction. When right and left ventricular ejection fractions
are normal, their ratio should approximate I. Using this
measurement, a mean ratio (± standard error of the mean)
of 0.84 ± O. 19 was observed in the anterior infarct group
and 2. 13 ± 1.28 in the inferior infarct group (p < 0.001).
Discussion
Relation Among Enzymatic Infarct Size, Quantitative
Thallium Scintigraphy and Radionuclide Wall
Motion Analysis
Enzymatic infarct size. This study shows a close re-
lation between creatine kinase (CK) measurement of infarct
size, quantitative thallium scintigraphy and radionuclide gated
wall motion analysis. The only situations in which a sig-
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Figure 3. Correlation of left ventricular ejection fration and en-
zymatic (CK-gramequivalent) estimate of infarct size. The linear
least-square regression line is shown for all 26 infarcts. For 15
anterior infarcts, r = 0.38 (NS); for II inferior infarcts, r = 0.20
(NS). CK = creatine kinase; n = ; p = probability value; r =
correlation coefficient; SE = standard error.
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Figure 4. Correlation of left ventricular percent abnormal con-
tracting region and CK-gram equivalent estimate of infarct size.
The linear least-square regression line is shown for all infarcts.
For anterior infarcts, r = 0.79 (p < 0.05); for inferior infarcts r
= 0.11 (p = NS). Abbreviations as in Figure 3.
Figure 5. Correlationof percentabnormalperfusionarea and CK-
gram equivalent estimate of infarct size. The linear least-squar
regression line is shown. Abbreviations as in Figure 3.
pressed as infarct volume and location. Our results indi-
cating smaller infarct size by CK analysis in the inferior
infarct group are in agreement with the reported lower long-
term mortality in patients with inferior myocardial infarction
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nificant relation was not observed was when enzymatic in-
farct size was correlated to percent of abnormal contracting
region and left ventricular ejection fraction in the inferior
infarct group and when it was correlated to left ventricular
ejection fraction in the anterior infarct group. Plasma CK
enzyme activity has been shown to accurately measure in-
farct size in experimental and human studies (5,9,20-24).
Although the basic formulation of the mathematical model
for estimation of infarct size using CK release as proposed
by Shell et al. (5) has been modified with improved results
(6,7), problems such as previous myocardial infarction, re-
perfusion phenomenon and continuing infarction may cause
variations in the model and fail to fit the biologic system
(8,9). In our patients, estimation of infarct size by CK
analysis demonstrated significantly larger infarct size in the
anterior infarct group relative to the inferior infarct group.
This has not been the usual experience and may be explained
by the inclusion in previous studies of patients with prior
myocardial infarction or significant hemodynamic compro-
mise, or both (16,20,24). We limited our study to patients
with a first myocardial infarction who were in hemodyn-
amically stable condition (Killip classes I and 2) in an
attempt to reduce the variables that might affect interpre-
tation of the results. Recently, however, Tamaki et al. (25)
demonstrated a similar relation between infarct size ex-
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Figure 6. Correlation of percentabnormal perfusion area by thal-
liumscintigraphy and percentleft ventricular abnormal contracting
regionby radionuclide gated wall motionstudies. The linear least-
square regression line is shown. Abbreviations as in Figure 3.
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ventricular performance and regional wall abnormalities would
be expected to be less. In addition, technical problems arise
when evaluating the inferior myocardial wall. In the antero-
posterior view, the right ventricle is superimposed on the
inferior wall; in the 45° left anterior oblique view, the apex
overlies the inferior wall. Therefore, it is possible that sig-
nificant areas of the inferior surface of the left ventricle are
lost to view by the radioisotopic angiographic technique .
Lastly, it has been proposed that some enzymatic component
of infarct size in the inferior infarct group may originate
from damaged right ventricular muscle (24).
Right versus left ventricular ejection fraction. Right
ventricular ejection fraction was reduced in 73% of both the
anterior and inferior infarct groups and the mean value did
not differ significantly in the two groups. As a reduction in
right ventricular ejection fraction may be secondary to fac-
tors other than right ventricular infarction, particularly in
the anterior infarct group, other measurements of right ven-
tricular function were considered. The ratio between right
and left ventricular ejection fraction was decidedly different
when the anterior and inferior infarct groups were compared.
These data suggest that the decreased right ventricular ejec-
tion fraction in anterior infarction is related to left ventricular
dysfunction. When it occurs in the inferior infarct group, it
(24). Natural history studies suggest a positive correlation
between survival, infarct size and infarct location (26).
Radionuclide wall motion analysis. Radionuclide an-
giography provides a useful means of evaluating the extent
and severity of contraction abnormalities resulting from an
acute myocardial infarction. Our results show a good cor-
relation between the percent of abnormal contracting region
and left ventricular ejection fraction when compared with
enzymatic infarct size. Kostuk et al. (10) previously ob-
served an inverse linear relation of left ventricular ejection
fraction to enzymatic infarct size as determined by CK re-
lease. Experimental studies in dogs (27) have also correlated
enzymatic infarct size with regional and global ejection frac-
tions. Morrison et al. (16) evaluated 14 patients without
evidence of previous myocardial infarction and showed a
correlation similar to our results. However, when we as-
sessed the two patient groups separately, only percent ab-
normal contracting region correlated with enzymatic infarct
size in the anterior infarct group. Neither percent abnormal
contracting region nor left ventricular ejection fraction was
found to correlate with enzymatic estimates of infarct size
in the inferior infarct group.
Several factors may account for this discrepancy. As
emphasized earlier, the size of the infarct in the anterior
infarct group was significantly greater than that in the in-
ferior infarct group. Only 9 of our 14 patients with an
inferior infarct had demonstrable contraction abnormalities.
The effect of a smaller myocardial infarction on overall left
Figure 7. Correlation of percentabnormal perfusion area by thal-
lium scintigraphy and left ventricular ejection fraction by radio-
nuclidegated wall motion studies. The linear least-square regres-
sionline is shown. ANT = anteriorinfarct; INF = inferiorinfarct;
other abbreviations as in Figure 3.
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CK-gram equivalent estimate of infarct size. The linearleast-square
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may be related to specific infarction of the right ventricle.
These observations are supported by previous clinical and
experimental findings (28,29).
Thallium-20t perfusion. Our results showed a good
correlation between percent of abnormal perfusion area on
thallium scanning and CK infarct size. This agrees with
clinical and pathologic reports correlating perfusion defect
area with enzymatic and histochemical estimates of infarct
size (11,12,16,30-32). More sophisticated techniques of
scintigraphic measurement of infarct size by tomographic
analysis of thallium-201 scans confirm our observations (25).
A close correlation between left ventricular functional im-
pairment as determined by percent of abnormal contracting
region and left ventricular ejection fraction was also noted
with the extent of left ventricular hypoperfusion; larger areas
of abnormal perfusion were associated with significantly
lower left ventricular ejection fractions and higher percent
abnormal contracting regions. These results support the hy-
pothesis that the size of the infarct is a major determinant
of left ventricular performance (18,26).
Conclusions. We observed a close correlation between
thallium scintigraphic, radionuclide angiographic and serum
creatine kinase (CK) estimates of infarct size. Clear differ-
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